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We developed an in-house assay for the direct identification, by matrix-assisted laser desorption ionization–time of flight
(MALDI-TOF) mass spectrometry, of yeasts in blood culture. Sixty-one representative strains from 12 species were analyzed in
spiked blood cultures. Our assay accurately identified 95 of 107 (88.8%) positive blood cultures and outperformed the commer-
cial Sepsityper kit (81.7% identification).

Prompt, appropriate, first-line antifungal treatment has been
shown to improve outcomes in patients with fungemia, but

identification is often delayed by the need for subculture from
positive blood cultures (1, 2). Mass spectrometry (MS) techniques
based on matrix-assisted laser desorption ionization–time of
flight (MALDI-TOF) technology have made it possible to identify
species directly from positive blood cultures (3). The sample con-
tains human cells, and identification protocols must lyse these
cells efficiently (without disrupting the microorganism) and elim-
inate the unwanted human proteins. In-house protocols based on
the lytic agent saponin have been described for bacterial identifi-
cation (4, 5), but only a few assays have been developed for yeast-
positive blood cultures (6–9). Bruker produces an easy-to-use kit,
Sepsityper, which has yielded good results for the characterization
of both bacteria and yeasts (10, 11). However, this commercial test
has never been compared, for yeast identification, with any in-
house protocol. We developed an in-house protocol for the direct
identification, by MALDI-TOF MS, of the yeast species com-
monly isolated from blood cultures. We compared the results ob-
tained by our assay to those obtained by Sepsityper.

To facilitate the testing of large numbers of strains and species
(12), we used blood collected from healthy volunteers and spiked
the blood culture flasks with cultured yeasts. We used 61 strains
formerly isolated in the context of invasive fungal infection
(stored at – 80°C) and previously identified by MALDI-TOF MS.
These strains were representative of 12 species commonly impli-
cated in fungemia: Candida albicans (15), Candida glabrata (9),
Candida parapsilosis (7), Candida kefyr (6), Candida krusei (6),
Candida tropicalis (7), Cryptococcus neoformans (4), Candida dub-
liniensis (3), Candida utilis (1), Candida guilliermondii (1), Can-
dida inconspicua (1), and Saccharomyces cerevisiae (1). Six were
isolated directly from blood cultures from patients. Mycosis IC/F,
a selective medium for the recovery of yeasts from blood, and
Bactec Plus Aerobic/F or Bactec Plus Anaerobic/F (C. glabrata
only) flasks, previously filled with 7 to 10 ml of healthy volunteers’
blood, were inoculated (10 yeast cells/flask). Yeast suspensions,
adjusted to one McFarland standard (approximately 10e7 CFU/
ml), were serially diluted in sterile saline to obtain a final concen-
tration of 100 CFU/ml. Then, 100 �l of this last dilution (average
of 10 CFU) was inoculated in the blood culture and on a culture

plate to control the inoculum. Flasks were incubated in Bactec FX
(Becton Dickinson) until they tested positive. The average time to
positivity depended on the species and on the type of culture flasks
(from 21 to 66 h) (data not shown). Each positive flask was sub-
jected to MALDI-TOF MS identification with a microflex
MALDI-TOF mass spectrometer (Bruker Daltonics, Germany).
We first compared 0.8% saponin (as described in reference 4), 1%
Triton X-100 and 1.8% SDS (SDS1.8) (two other commonly used
lytic agents), and the Sepsityper kit on the first 17 strains (ran-
domly chosen). Two washing steps were included after lysis, be-
cause the inclusion of an additional washing step had been shown
to improve identification scores (11) (data not shown). Figure 1
resumes the workflow for the SDS1.8 protocol. Briefly, the lytic
agent was added to 1 ml of medium from each positive flask,
which was then vortexed and pelleted (16,000 relative centrifugal
force [RCF], 2 min). The supernatant was discarded and the pellet
was washed twice in sterile distilled water (saponin, Triton X-100,
and SDS1.8) or Sepsityper washing buffer. The pellet was sus-
pended in 300 �l of distilled water and 900 �l of 100% ethanol.
After centrifugation (16,000 RCF, 2 min), the pellet was air dried
for 5 to 10 min. It was then homogenized with an appropriate
quantity of formic acid (from 2 �l to 15 �l, depending on pellet
volume; mean of 5 �l), and an equal volume of acetonitrile was
added. Following a final centrifugation (16,000 RCF, 2 min), 1 �l
of supernatant was dispensed, in duplicate, on a polished steel
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FIG 1 Workflow of the SDS1.8 protocol. BC, blood culture; SDS, sodium dodecyl sulfate; EtOH, ethanol; HCCA, �-cyano-4-hydroxycinnamic acid; �,
the pellet should be as dry as possible with no residual ethanol; ��, volume of formic acid depending on the size of the pellet (formic acid should entirely
recover the pellet). If no pellet is clearly visible, suspend the residual biological material, which should be present on the side of the tube, with 2 �l of formic
acid and proceed.

FIG 2 Detailed results for each species and each assay. SEP, Sepsityper; SDS, 1.8% SDS; SAP, 0.8% saponin; TRI, 1% Triton X-100; M, mycosis medium; B,
bacterial medium; NI, not identified.
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target and covered with 1 �l �-cyano-4-hydroxycinnamic acid
(CHCA) for MALDI-TOF MS analysis. The spectra obtained were
analyzed with the Biotyper software (Bruker database version
3.1.2.0, containing 3,995 entries). In light of our results and as
previously proposed by other authors in the context of blood cul-
ture identification, the thresholds for interpretation were adapted
(8, 13, 14). Identification scores were classified into four catego-
ries: A, �2; B, 1.7 to 2; C, 1.4 to 1.7, if the same species was called
4 times in a row; D, �1.4 or not identified. The first three catego-
ries yielded acceptable results for identification to the species level.
In total, 305 tests were carried out (Fig. 2). According to our
adapted scores, 95/107 (88.8%), 94/115 (81.7%), 16/42 (38%),
and 12/41 (29.2%) tests led to correct identification for the

SDS1.8, Sepsityper, saponin, and Triton X-100 protocols, respec-
tively. Protocols based on saponin and Triton X-100 were the least
efficient for yeast identification in blood cultures, possibly because
they lysed human cells less efficiently, leading to a mixed (yeast
and human) and thus less specific spectrum profile. The spectrum
obtained with the SDS1.8 protocol was very similar to that ob-
tained with the Sepsityper kit (Fig. 3). Based on these results, we
limited subsequent comparisons to the Sepsityper and SDS1.8
protocols.

Among the 61 isolates, we analyzed 44 strains grown in both
Mycosis IC/F and Bactec Plus/F flasks with the SDS1.8 and Sepsi-
typer protocols (176 tests). Scores are reported as median values
(interquartile range [IQR]). Scores were transformed into quali-
tative values, with four classes corresponding to the identification
categories (see above). The Wilcoxon signed-rank sum test and
Spearman’s rank correlation analysis were used for quantitative
scores, and Fisher’s exact test was used for qualitative scores. The
results obtained with the two protocols were well correlated (r �
0.70, P � 0.001). The median score was significantly higher with
the SDS protocol (1.9 [IQR, 1.7 to 2.1]) than with Sepsityper (1.8
[IQR, 1.55 to 2.0]) (P � 0.003). This difference remained signifi-
cant if separate analyses were carried out by vial type (Mycosis
IC/F, P � 0.001; Bactec Plus, P � 0.04) (Fig. 4) and for the non-
Candida albicans yeasts (C. albicans, P � 0.16; non-C. albicans
yeasts, P � 0.001) (data not shown). A subgroup analysis by vial
type showed that score class results were also better for the SDS
assay than for the Sepsityper assay for Mycosis IC/F (P � 0.04)
(Fig. 5).

This is the first comparison of an in-house protocol with the
Sepsityper kit for the MALDI-TOF MS identification of yeasts in
positive blood cultures. We found that lysis with 1.8% SDS was
globally superior to the Sepsityper kit, particularly for yeasts iso-
lated from Mycosis IC/F medium and for non-albicans species of
Candida. The two protocols had similar durations (30 min), but
the SDS1.8 protocol was cheaper than the Sepsityper protocol (by

FIG 3 Spectral profile obtained for Candida krusei isolated from mycosis
blood culture and subjected to various lysis protocols. SDS1.8, 1.8% SDS; NC,
negative control (mycosis blood culture negative on day 6). Arrows indicate
the three principal nonspecific spectral signals present in negative controls but
also identified in the saponin and Triton X-100 protocols.

FIG 4 (A) Boxplots of scores by protocol: **, median score is significantly higher with the SDS protocol than with Sepsityper (P � 0.003). (B) Boxplots of scores
by protocols and type of blood culture flasks: *, significant difference between the two protocols for Bactec Plus (P � 0.04); **, significant difference between the
two protocols for Mycosis IC/F (P � 0.001).
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a factor of 220 [0.025 compared to 5.5 euros per test]). As the 0.8%
saponin procedure gave poorer results than previously reported
for bacteria, rapid identification procedures for positive blood
cultures will probably need to be adapted according to the results
of direct examination. The SDS1.8 protocol appears to be an ef-
fective, cheap alternative for yeast identification in positive blood
cultures.
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